Abstract. The first results of the K2K(KEK to Kamioka) long-baseline neutrino oscillation experiment are presented in this talk. In 1999 7.2×10
INTRODUCTION
The atmospheric neutrino anomaly observed by Super-Kamiokande(SK) and other recent underground experiments strongly suggests ν µ ↔ ν τ neutrino oscillation. The allowed region of the oscillation parameters obtained by SK are in the range of ∆m 2 = 2 ∼ 5×10 −3 eV 2 and sin 2 (2θ) > 0.88 with 90% confidence level [1] , where ∆m 2 is the mass difference squared between two neutrino mass eigenstates and θ is the mixing angle between two neutrinos.
The principal goal of the K2K experiment is to confirm neutrino oscillation with a man-made neutrino beam and to measure the oscillation parameters. Fig. 1 is a schematic of the setup. We use the 12 GeV KEK-PS as a neutrino source and SK as the far detector. The distance between KEK and SK is 250km, and the neutrino beam has an average energy of 1.4 GeV. The neutrinos are produced by charged pion decays and expected to be 99% pure ν µ with an angular deviation ≤ 3 mrad. In order to measure the effects of oscillation we compare the ν µ spectrum observed by SK to the one measured in the front detectors at the point of production. Fig. 2(a) shows the Monte Carlo simulation of reconstructed neutrino spectra at SK for 1 × 10 20 protons on target(pot). This corresponds to approximately 5 years of measurement. Oscillated spectra for four specific oscillation parameter sets are shown. The effects of oscillation are seen in the figures as a significant divergence from the spectra of the null oscillation case, which is given by open histograms. K2K's 90% confidence level sensitivity covers almost all of the 90% allowed regions obtained by Kamiokande and SK, as shown in Fig. 2(b) . Fig. 3 shows the record of protons on target. After the completion of the front detector construction in Feb. 1999, the fast extraction of protons for the experiment started on Feb. 3. On Mar. 4, the neutrino beam DAQ started with a horn current of 175 kA and with proton intensity of 3×10 12 ppp. After engineering runs to study neutrino beam operations in April through May, stable data taking began in June with an aluminum target with 2cmφ, a horn current of 200 kA, and a proton intensity of 4.5×10 12 ppp. After the summer shutdown, continuous data taking began again in November, this time with an aluminum target of 3cmφ and a horn current of 250 kA with 5×10 12 ppp. In 1999 we accumulated 7.2 ×10 18 pot in total.
OBSERVATION BY NEAR DETECTORS
The near detector system consists of a 1kt water Cherenkov detector(1kt) and a fine-grained detector(FGD). The latter consists of a scintillating fiber tracker(SFT) [2] , plastic scintillator veto counters , an electromagnetic calorimeter of 600 lead glass blocks, and a muon ranger of 12 iron plates (10cm×4+20cm×8) with drift chambers(MUC). The SFT is composed of 19 layers of 6cm-thick water containers sandwiched with 20×(yy-xx) layers of 700µmφ scintillating fibers.
1kt is used for normalizing predicted beam flux at SK. The fact that the two detectors are so similar cancels out systematic errors that would otherwise be present.
MUC contained events are used to check the stability of the neutrino beam. This is because the large fiducial volume mass of the MUC results in a very large event rate. The beam center is observed to be stable to within 1mrad.. In addition, spill by spill beam centering, monitored by the profile of the muons produced by pion-decay that penetrate the beam dump, was also found to be within 0.5mrad. Fig. 4(a) is an example of quasi-elastic(QE) neutrino event candidates with vertex in the SFT. The primary goal of the FGD is to reconstruct the neutrino spectrum by using QE samples. (b) shows the reconstructed muon energy distribution for single track events, and (c) is cos(∆θ P ) distribution for 2 track samples, where ∆θ P is angular difference between reconstructed proton track and that calculated from muon momentum. The single track samples and 2 track samples with cos(∆θ P ) ≥ 0.95 contain a large fraction of QE events, ∼60% and ∼80% respectively. We also study the ratio of inelastic events to QE events, in order to reduce the uncertainty of the calculated neutrino interaction cross section to less than 10%. This information is important not only for K2K, but also for the SK atmospheric neutrino analyses. Table 1 gives summary of the front detector results. Event numbers normalized by MC predictions agree very well to each other.
NEUTRINO EVENTS IN SUPER-KAMIOKANDE
On June 19, 1999, 18:42(JST), K2K observed its first neutrino event due to the KEK neutrino beam in Super-Kamiokande. This was the first time that an artificially produced particle was detected after traveling such a large distance. Attached as a jpeg file KEK and SK into account. It is obtained by GPS within the precision of 300 nsec.
During the period of running we have 6 events within 1.3µsec time window, 3 of which are within 22.5kt fiducial volume (vertex distance from wall ≥ 2m). We can estimate the number (N pred SK ) using the observed number of events at 1kt(N KEK ):
where R is a factor of extrapolation from KEK to SK, ǫ KEK and ǫ SK are the detection efficiency of 1kt and SK, respectively. Since the target material (water) is common and the systematic uncertainty due to the cross section cancels, the value of R depends mostly on the flux ratio between SK and KEK, whose uncertainty is +8% −10%
. N pred SK was estimated to be 12.3 +1.7 −1.9 in total. Table 2 summarizes these numbers, with expectations for the case of three typical ∆m 2 with sin 2 (2θ) = 1. We will accumulate > 2 × 10 19 pot in this summer, leading to an increase in the statistical power of these results. 
